Mycotoxin-producing molds are widely distributed in nature. Their presence, along with their toxic metabolites, in many different cereal grains has been well documented (7) . When conditions of moisture and temperature are favorable in stored grain, mold growth and concomitant mycotoxin production may occur.
Wild rice (Zizania aquatica) is an annual aquatic plant grown in the Great Lakes area of the United States and Canada for its grain as a food crop. It is not to be confused with the familiar milled white rice of commerce. Wild rice is commonly harvested at very high moisture levels (35 to 50%) and is held for 7 to 14 days under these conditions to allow fermentation to take place. The fermentation, which is part of the curing process, utilizes the indigenous microflora of the grain. Microbiological examinations, conducted after completion of the fermentation and before parching and hulling, have yielded mold counts up to 83 X lO:l/g of rice, as well as bacteria and yeasts (6) . It is conceivable that, in addition to desirable organisms, mycotoxin-producing molds could also be present and proliferate during the fermentation period.
The ability of wild rice to support mold growth and aflatoxin elaboration has been studied by Frank et al. (5) . However, the occurrence of other mycotoxins in wild rice has not been investigated. The object of the current research was to determine whether wild rice, under optimal conditions, is a suitable substrate for production of the mycotoxins ochratoxin-A (OT), patulin (Pat), penicillic acid (PA), vomitoxin (Vo), and zearalenone (Ze). Their producton could be indicative of possible occurrence in processed wild rice.
MATERIALS AND METHODS
Wild rice. Raw wild rice was obtained from growers in northern Minnesota. The grain was transported by airplane and station wagon from its source immediately after harvesting and was stored at -29°C until needed. Total time from harvest to cold storage was about 24 h. Moisture content of the freshly harvested product was 35.5%. For studies on processed rice, about 30 kg of the grain was cured, using a procedure similar to the commercial process (1) . The curing steps consisted of piling the wild rice in windrows on polyethylene sheeting outdoors in full sunlight, turning daily, and adding water to compensate for evaporation losses and to prevent heating. After 1 week, the cured rice was oven-dried overnight at 95°C and hulled in a rubber-rollered, laboratory-scale huller. Moisture content of the processed rice was 7.5%. In addition to the raw and processed wild rice, a specimen of the processed commodity that had become damp and moldy through mishandling also was used in some of the studies.
Sterilization and moisture adjustment. Flasks containing either raw or processed wild rice or other grain as substrate were sterilized before moisture adjustment by autoclaving for 30 min at 121°C. After cooling, moisture levels of the grain substrates were adjusted by adding to each flask the calculated amount of sterile water and liquid inoculum to yield the desired final moisture content, which varied from 35. 5 (15) .
Four types of inocula were used for wild rice fermentations. (i) Aqueous spore suspensions were prepared from cultures grown on malt extract agar in 6-ounce 078-ml) culture bottle slants. Spore suspensions were made by adding 30 ml of sterile water containing 0.005% Triton X-1oo (Eastman Kodak Co., Rochester, N.Y.) to a 2-week-old culture bottle slant and dislodging the spores with a wire loop. Generally, 2% of the suspension was used as inoculum (vol/wt for solid substrate, or vol/vol for liquid media). (ii) Dry spore inoculum was produced on bread cubes by the method of Sansing and Ciegler (13); two sporulated cubes of a given culture were added to each flask containing 50 g of rice as inoculum. Dry spore inoculum was used only when initial substrate moisture content was sufficiently high; added moisture through use of liquid spore suspension was undesirable. (iii) Inoculum of F. graminearum NRRL 5883, a culture reputed to elaborate Vo (15), was prepared by adding 2 ml of water to a 7-day-old slant culture and dislodging the spores with a sterile loop. The suspension from one slant comprised the inoculum for one Fernbach flask containing 250 g of wild rice. (iv) F. gra· minearum NRRL 5864 inoculum was prepared by macerating growth from two hay agar slants in 5 ml of sterile water, using 2.5 ml of the suspension to inoculate 50 ml of CMC medium (2) in 300-ml Erlenmeyer flasks. The CMC flasks were incubated for 4 days at 25°C on a rotary shaker operating at 250 rpm, and the resultant broth culture was used at the rate of 2.5% as inoculum in solid substrate flasks for Ze production. All mycotoxin fermentations were conducted at 25°C except for Vo, which was at 28°C.
Mycotoxin production. (i) Pat. A sample of processed wild rice that had become damp and moldy through accident was examined by plating out on Czapek solution agar and identifying the isolates. Since the predominating species was found to be A. clavatus, a known Pat producer (16), a composite sample of the moldy rice was extracted and assayed for this toxin by the methods of Pohland and Allen (12) . In addition, a typical isolate from the moldy wild rice was tested, along with a known Pat-producing strain, A. clavatus NRRL 1980, as control, for ability to produce Pat. This test consisted of growing the two strains in flasks of potato dextrose broth (11) and periodically assaying the culture liquors for Pat (2) .
The two A. clavatus cultures were also grown on both raw and processed wild rice to determine their abilities to produce Pat with these commodities as substrates. Moisture content of each substrate was adjusted, after sterilization, to two moisture levels: 41 and 47% for raw rice and 26 and 35% for processed rice. Inoculated flasks were incubated in still culture at 25°C. Samples were aseptically withdrawn at intervals between 14 and 40 days for analysis (2) .
(ii) PA. Three known PA-producing cultures were employed in the tests: P. cyclopium NRRL 1888, P. martensii NRRL 3612, and P. puberulum NRRL 3672. The fermentations were conducted in 300-ml Erlenmeyer flasks, each containing 50 g of unprocessed wild rice. The substrate moisture levels used were 35.5, 37, and 40%. Control flasks contained lightly cracked corn, a substrate known to support mold growth for production of PA (9) . On the basis of results from preliminary experiments, grain sorghum (milo) also was tried. Corn moisture was adjusted to 20, 25, 30, and 35%, and sorghum was adjusted to 26 and 28%. Incubation was in static culture at 25°C, and flasks were sampled at 3, 6, and 7 weeks. Samples were extracted and assayed by the methods of Ciegler and Kurtzman (3).
(iii) QT. Conditions have been established for laboratory-scale OT production (8, 10) , utilizing wheat as substrate and A. ochraceus NRRL 3174 as fermentation culture. The same general conditions as those successfully used with wheat were employed in experiments with wild rice to determine its suitability as a substrate for OT production.
Fermentations were conducted in 2,800-ml Fernbach flasks, each containing 150 g of unprocessed wild rice. Two moisture levels were tried: 40.5 and 44.7%. Control flasks contained 150 g of lightly cracked wheat adjusted to 46.5% moisture. Sterilized, inoculated flasks were incubated at 25°C on a rotary shaker (250 rpm, 5-cm stroke). Samples for analysis were aseptically withdrawn at 15, 22, and 29 days. All samples were extracted and assayed for OT by the methods of Hesseltine et al. (8) . Final quantitative determinations were made by visual comparisons under ultraviolet light (366 nm) with varying amounts of pure OT standard.
(iv) Vo. In experiments to determine if wild rice might be a suitable medium for elaboration of Vo, the methods described by Vesonder et al. (5) for production of the mycotoxin on white rice substrate were followed. Fermentations were conducted in Fernbach flasks each containing 250 g of unprocessed wild rice. The flasks of sterilized wild rice (35.5% moisture) were each inoculated with 2 ml of F. graminearum NRRL 5883 spore suspension and incubated in static culture at 28°C. Flasks were shaken daily to break up mycelial masses and harvested after 2 and 3 weeks of incubation. The molded wild rice was dried for 4 h at 80°C in a forced-air oven and extracted and analyzed for presence and quantity of Vo (15) .
(v) Ze. Experiments for production of this mycotoxin in wild rice were patterned after the methods of Schroeder and Hein (14) . Fermentations were conducted in 3OO-ml Erlenmeyer flasks containing 50 g of high-moisture grain each. The studies were conducted on unprocessed wild rice; grain sorghum was used as control, since it has been found to be an excellent substrate for Ze production (14) . The sorghum used in the fermentations was lightly cracked and screened to remove fines. Both the wild rice and sorghum were adjusted to desired moisture levels after sterilization and, upon cooling, were inoculated either with dry spores or CMC liquid inoculum of F. graminearum NRRL 5864. Final moisture levels for wild rice were 35.5, 37, and 40%; for grain sorghum, final moisture levels were 24, 26, and 28%. Flasks were incubated in static culture at 25°C and sampled at 19 and 38 days for analysis. Samples were extracted and assayed by procedures described by Eppley (4).
RESULTS AND DISCUSSION
Pat. Microbiological examination of a naturally molded wild rice specimen revealed that one particular mold species predominated, A. clavatus; an isolate of this contaminant was designated NRRL 6320. When grown in the liquid medium potato dextrose broth (11), after 1980  RWR  41  10  30  0  1980  RWR  47  2  10  0  6320  RWR  41  2  6  0  6320  RWR  47  4  8  0  1980  PWR  26  0  1  0  1980  PWR  35  0  0  0  6320  PWR  26  0  1  0  6320  PWR  35  0  0  0  1980  PDB  880  6320 PDB 800
" RWR, Raw (unprocessed) wild rice; PWR, processed wild rice; PDB, potato dextrose broth as described by Norstadt and McCalla (11) .
b Pat yields: micrograms per gram for solid substrates; micrograms per milliliter for liquid medium.
14 days of incubation the isolate yielded 800 /lg of the mycotoxin per ml; a known Pat-producing strain, A. elavatus NRRL 1980, under identical conditions yielded only slightly more, 880 /lg/ ml (Table 1) . In contrast, when the two strains were grown on raw wild rice adjusted to 41 and 47% moisture, the isolate yielded 6 and 8/lg/g and the known producer yielded 30 and 10 /lg/g at the two moisture levels, respectively. Maximal levels of the mycotoxin with both strains were reached at 24 days. Also, with processed wild rice, under any laboratory condition and with either of the two A. clavatus strains, the maximum yield obtained was 1 /lg/g. The moldy specimen of processed wild rice contained 0.8 /lg of Pat per g, while in liquid culture the A. elavatus strain isolated from the contaminated wild rice produced 800 Ilg/ml.
PA.
None ofthe three known PA-synthesizing cultures, P. eyclopium NRRL 1888, P. martensii NRRL 3612, or P. puberulum NRRL 3672, produced detectable amounts of the mycotoxin in wild rice under any of the test conditions ( Table  2 ). Control flasks containing corn adjusted to 30% moisture and inoculated with P. cyclopium NRRL 1888 gave 90 Ilg/g after 3 weeks of incubation at 25°C. Under the test conditions, wild rice was not a satisfactory substrate for PA production.
OT. Wild rice inoculated with a known OTproducing mold strain yielded OT in amounts up to 1,000 /lg/g (Table 3 ). These yields were obtained from shaken flasks of wild rice adjusted to 44.7% moisture, inoculated \'lith A. oehraceus NRRL 3174, and harvested after 22 days of incubation. Wheat, a known OT high-yielding grain substrate, under simila.r conditions produced 800 ,ug/g. The results show that under Although the substrate promoted excellent growth of the mold, only 5 p.g of the mycotoxin per g were produced. By comparison, 100 p.g/g was regularly obtained on white rice under similar conditions. Hence, wild rice is not a desirable substrate for fermentative synthesis of Vo.
Ze. The highest Ze yield obtained with wild rice substrate was 220 p.g/g, while grain sorghum, under identical conditions, produced 1,500 p.g/g (Table 4 ). These yields were achieved after 38 days of incubation with initial grain moisture levels of 35.5% in wild rice and 28% in sorghum. While the amounts from grain sorghum were not as high as those obtained by Schroeder and Hein (14) , the proportionate yields from the two types of grain reveal the inferiority of wild rice as substrate for Ze production.
Wild rice was a poor substrate for production of the majority of the mycotoxins in our studies; but, under appropriate fermentation conditions, good yields of OT and moderate amounts of Pat were elaborated. However, in view of the findings with aflatoxin by Frank et al, (5) , OT and Pat also could be present primarily in the hulls 
